Objectives: Patello femoral Pain (PFP) is the most common lower limb condition encountered in clinical practice. It recently emerged as the third highest ranked topic out of 185 in the Chartered Society of Physiotherapy Musculoskeletal Research Priority Project. For a valid assessment of knee strength during rehabilitation, the isometric test using the isokinetic dynamometer (Cybex) and the hand-held dynamometer (HHD) is not well received with clinical practice. An alternative way is through functional hop tests which clinicians have used to assess their patients' lower extremity muscular strength. This study investigates the validity of knee strength assessments conducted with the HHD and the hoptest compared to the isokinetic dynamometer and also explores differences between genders of the three assessments.
INTRODUCTION
received with clinical practice. Clinicians reported the HHD measurement was "little bit more fiddly, more difficult to undertake" (PT1) and "fairly difficult to set up" (PT2). One of them reported that "there is quite a high risk of user error there" (PT1), but another physiotherapist indicated that the correct use is just a "practice issue" (PT2). Also one of them said that they "don't have access to them in the clinical practice" (PT3).
It has recently been reported that an alternative way to assess knee strength is through functional hopping tests. A huge variety of hop test procedures have been described [6, 9, 10, 11, 12, 13] including vertical jump tests, timed hop and single leg hop tests for distance. Clinicians have used single leg hop tests to assess their patients' lower extremity muscular strength and ability to perform tasks that challenge knee stability [14] . These tests are also commonly used to evaluate progress in knee rehabilitation programs [14] or as an objective tool to evaluate a patient's total leg function [7] .
The ability to perform a single-legged hop for distance depends on quadriceps strength because a consequence of strength loss is a reduced ability to both, generate and absorb force during activity. However, this type of test also reflects neuromuscular control, power, joint function, and range of motion, as well as the self-esteem and confidence of the participants [15] . Further studies as Pincivero et al. [9] , Petsching et al. [18] , English et al. [7] and Ericsson et al. [19] only assessed the single leg hop test for distance compared to an isokinetic dynamometer. No previous study describes the relationships between a single legged hop test, hand held dynamometer (HHD) and an isokinetic dynamometer test. The aim of this study is Patellofemoral Pain (PFP), which is prevalent in younger and physically active individuals, is the most common lower limb condition encountered in clinical practice [1] . In PFP significant pain and dysfunction may lead to limitations in societal participation and physical activity [2] . It recently emerged as the third highest ranked topic out of 185 in the Chartered Society of Physiotherapy Musculoskeletal Research Priority Project [3] . Surgical management of PFP is rarely indicated, therefore it is a condition frequently referred for physiotherapy.
Recently an Arthritis Research UK funded a feasibility study to explore subgroups within the patellofemoral population [2] . In this study gender differences were found and ''knee strength'' was an important factor in defining the subgroups. These data confirm previous observations on the importance of gender in PFP by Boling et al [4] and may shed further light on the gender differences identified in running mechanics [5] . Therefore being able to conduct a valid and yet clinically relevant assessment of lower limb muscle strength is important for PFP.
The gold standard for assessing muscle strength in research is the isokinetic dynamometer which is often used to perform an isometric strength test [6] . Isometric testing is a valuable tool to specifically assess performance of the quadriceps femoris muscles. Because of a lack of available equipment, this test is often not suitable for routine clinical practice [7] . Another commonly used tool in clinical practice is the manual muscle strength measurement, such as the modified Oxford scale. This approach is subjective and cannot differentiate between small strength differences in the higher scales and cannot guarantee reliability [8] .
Muscle strength assessment can be improved by measuring the force of quadriceps femoris with a hand-held dynamometer (HHD). This instrumented isometric strength measurement provides clinicians with an objective assessment of the current patient status during rehabilitation [8] . However, feedback from clinicians during the recent ARUK funded study indicated this measurement was not well [6, 18, 28, 29] , distance from lateral epicondyle of the knee to centre of both force pads of the dynamometer were measured and recorded in order to calculate the knee extension moment [9, 25] . Before the assessments every participant completed a warm up consisting of five squats with two repetitions.
With the Cybex NORM dynamometer one submaximal isometric contraction and 3 maximum isometric knee contractions at 90°k nee flexion (as per protocol Cybex NORM handbook) were completed. For data collection participants were asked to perform a resisted exercise seated on an isokinetic machine chair with the tested lower leg strapped to the chair and hands on the chair handles. The hand held dynamometry test included one sub-maximal isometric contraction and 3 maximum isometric knee extension tests at 90° knee flexion [2] . For data collection participants were asked to perform a resisted exercise seated on a bench with the tested lower leg strapped to the chair. In the hoptest assessment participants were asked to perform one practice single legged hop test followed by 3 maximum single legged hop tests. From this task participants were asked to stand on one leg, with their hands behind their back and their toe positioned on a piece of tape. They were then asked to execute one warm-up by hopping horizontally and landing on the supporting leg. Three maximal efforts were then recorded, with the participant hopping as far as possible. Failure to land on the supporting leg resulted in additional hop [20] . In all assessments each repetition was followed by a rest period of 20 seconds and the participants were given 1 minute of rest between each trial to prevent fatigue.
Data Analysis:
All statistical analysis carried out in Statistical Package for the Social Sciences (SPSS, IBM Version 22, USA). Descriptive statistics for quadriceps muscle strength were displayed in normalised torques by dividing them by bodyweight (Nm/kg) [7] . Pearson's correlation coefficients (r²<0.5: poor, r²>0.5: good ) and boxand-whisker plots were also used to analyse the data. Three by two mixed ANOVA was used to identify significant difference.
RESULTS
We recorded the data of 35 participants: Threeof them were excluded from analysis; one person refused to give their bodyweight, one person was a professional sprinter and one person had previous experience-with HHD tests. HHD (Table1). All means show a relatively high standard deviation which is also displayed by the Box-and Whisker (Fig. 1) . Significant correlations were found for all three comparisons (p<0.05) ( Table 2 ). The relationship between Hop and HHD showed a poor correlation (r=0.436, r²=0.19, p=0.013), also for Hop and Cybex (r=0.544, r²=0.295, p=0.001). HHD and Cybex displayed a stronger correlation of r=0.71(r²= 0.504, p=0.001). This is supported by the Box-and-Whisker plots (Figure1), which shows the mean values for all participants.
Gender differences: Comparing genders, the normalised knee extension moment scored with the HHD was 22.3% lower in females than in males ( Table 1 ). The corresponding Cybex value was also 28.8% lower for females.
The correlation between the hop test and the HHD (Table 2 ) was higher value in females (r=0.427, r²=0.182, p=0.099) than in males(r=285, r²=0.081, p=0.285). The comparison between the Hop and the Cybex showed a higher correlation in females (r=0.363, r²=0.405, p=0.008). However, the correlation between HHD and Cybex is lower in females (r=0.515, r²=0.266, p=0.041) than in males (r=0.702, r²=0.49, p=0.0029). 
DISCUSSION
This study investigated the relationships between two different isometric tests and a single legged hop test. The correlation between the HHD and Cybex was good, indicating the HHD can be used in clinical practice. The correlation between the Cybex and hoptest and the HHD and hoptest was poor. This study also added to the existing evidence that gender difference exist when assessing knee strength.
Philipp Weng et al. VALIDITY OF TWO CLINICAL KNEE STRENGTH ASSESSMENTS COMPARED TO THE REFERENCE STANDARD.
The single legged hop measuring the distance from heel to toe was used and with hands behind the back. By instructing participants to hold their hands clasped behind the back we excluded the influence of the arms. The aim to achieve the highest concentric performance of the quadriceps femoris muscle, as we felt this would be more highly correlated with the isometric tests. However, the single legged hop test did not show a strong correlation with the isometric tests which is contrary to our previous hypothesis. Therefore this test appears not to provide a suitable alternative for strength measurement in a clinical setting. Wilk et al. [6] (r=0.62r²=0.38) and English et al. [7] (r=0.63 r²=0.4) showed a better correlation between the isokinetic test and a single leg hop test with the use of the arms. In contrast, assessments with subjects with anterior cruciate ligament deficiency (Fitzgerald et al. [14] , r= 0.06 r²=0.0036) and healthy subjects who were allowed to use their arms (Clark [16] , r=0.37 r²=0.137) have been shown to have lower correlations. The upper limbs as a swinging element, could therefore be one of the strongest influencing factors is the knee strength assessments. Interestingly, in a literature review 7 of 18 studies (39%) [6, 15, 19, 21, 22, 23, 24] relating to the hop test do not describe the use of the arms. Additionally, the method of measuring the distance of the hop differed considerably. Therefore differences in hop performances seem to be important and comparisons between either isometric or isokinetic tests are also important.
In this study the held dynamometer (HHD) and the isokinetic dynamometer (Cybex) showed the highest correlation (r=0.71, r²= 0.504). These findings agree with Martin et al. [25] and Arnold et al. [26] who concluded, that the use of HHD devices for physiotherapist to assess isometric strength tests in a clinical environment is a valid and cheaper alternative to isokinetic units such as the Cybex in older people. However, it should be noted that two participants reported shin pain during the test where the patient interface of the HHD was placed and the majority of the rest of the participants described this procedure as uncomfortable. This was caused by the small surface area and the high amount of force which resulted in high pressure. In our opinion the design of the patient interface, should be reviewed and possibly modified in order to reduce or avoid discomfort. Any such modifications would need to be undertaken carefully in order to not affect strength measurements. This factor may account for the lower measurements recorded with the HHD as there may have been some pain inhibition preventing stronger contractions.
Our second aim was to explore differences between genders. In previous studies Gustavsson et al [11] and Bremander et al. [12] described significant differences between male and female subjects in the single leg hop for distance, which is supported by our results. A gender difference has also been identified by Russel et al. [27] who showed that women performing a horizontal jump, displayed greater valgus knee angles landing with one leg. These differences in performance and landing biomechanics might have influenced the maximal distance. In addition to the singlelegged hop, tests with the HHD and the isokinetic machine have also shown gender differences. When participants performed a maximal isokinetic and isometric muscle contraction on isokinetic dynamometer (Biodex System 3 PRO), Harbo et al [28] concluded a variation of strength in males. The standard deviation of the residuals of maximal isokinetic knee extension strength was 50% lower for women than for men, without considering the body weight of the participants. Using an HHD instead of an isokinetic dynanometer, the maximal isometric moment showed a standard error measurement 40% higherin boys than in girls [29] which supports the previous finding.
The main difference between the HHD and the Cybex test is potentially the back support and the seat angle on the Cybex which might create a feeling of stabilization. The use of EMGAnalysis in further research might identify differences in muscle recruiting during all three tests. With this information the tests could be standardized, but would be less applicationoriented. Future studies could investigate the relationship between isokinetic knee strength and the hop test. More information is needed to identify why females show a higher in reliability than men comparing the hop, the HHD and the test with the Cybex.
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